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MODIFICATION OF ACCELERATION ELEMENT IN “TRANSPORT”-
J.W. lhrd, J. McGill, MS H812

Los AltuIIoE National Laboratory. la Alamos, NM 87544

One of tile uscs at LAMPF of the lmmn-~lynunies code
TRANSPORT is to model and tune the proton berms in the

side-coupled linru. Signficrmt differences me found be~ween

measured beam charartcriotica aud those calculated by al] early
version of TRANSPORT. These difTerellces nre reduced to ac-

ceptable hrnits by modificdion of the origintd accelerator trmm-
formation matrix used iu the code, The modified ~lement nnd
a brief d~ription of its derivation are prcseIIled. Tile ]nodified
matrix reduces to tile origilml matrix in Llle rclativiulic limit.
TIIe modified matrix is also compared to res,lltc of numcricul
illtegrntion to obtain sonw indication] of its accuracy.

lntrod (Ictiou

Beam behavior predicted by khe enrlier v~r.vie,, of TRANS-
PORT ] does nGl agree with experinle]ltul results. ll]vestigu-
tioll of this I>rol)lelll slIows that tile original ucceleralor mutrix
llsed ill TRANSPORT is vdicl oII]y for bcnl])s wil.11large velclc-
itieu (~ close to 1). For the beam at LAMPF, ~ ~ 0.84, which
is below the energy where Lhc original accclcrntor ulntrix is
valid, To rel]lcdy this prol>!clll, a Ilcw first -or(lcr t rnllsforllln.
tion matrix for aecelcrmtor scctiona is developed, TI]is Illntrix
is designed to usc tile uarne input pnranlctcrs M the earlier
TRANSPORT code. There is a s~ight diffcrcncc ill tllc delilli-
Iioll Of t]lc Iongil (Idillrd Imllc]l-]ellgtll lmralllclcr oil w]lich tllc
new accelerator nlalrix acts. This diH’crm]ce will l~e described
Ialer.

Tile :ICW trnnsfcwnlat ion through tile nccchwntor SCCIio[l is

ccmpnrcd LOresults of numcri :al illtegratiol} O( IIurt iclc Inotioll
to v.didate tllc nccurncy of tile new matrix, Secul]d-orclcr terll]s
Grc estimated frolll lIIC Ilullmriciij results for n specific c~c,

Tire MW acc+rntor nlatrix in illslnllud ill LA M1’f~’u vcr-
aioll of TIt AN SPO1t’r. The rcsulto of tl)c COCICIIOW fit tllc
Ilmswurecl rhta to a degree ccunpurnblc will] Illcmurcnlclll cr-
rwrs. Satisfactory rcslllts lmvc bcc[l obtnincd for oluctics of bdlI

beam celltroidm ald widtl)s,

12M.&QiSrlLAIW~ ~ i~

Tl)e p]IMe-#pncc l~arrunclcra umd 10 de~rr’i]]c n I)nrtic]e nrc
rclalive to llle 01 .smin, oll-c!ler~v syllclrol)ous INW1lCIC.VrIluca
with subscript a refer 10 tllc syncl)rollom lmrlirlc, To derive
tlm equations of nlotiol) tk standnrrl T1{ANSl~OR’1’ cocwdi-
Ilntes z,z’,~, am.1 y’ are IIncd ill tlw trnllnvrrtw IJlUIIr, III tlw
longlt~lcllnal plane, tile dlffcrctlcc III cllcrrhv, All , aid tile {lIf.

ffrcllce In phsel A~, am uuerl ill die c(luatiollu of llm~ioll, TIIC
Olll]ocril)t o referc to die illitl.d vnluca of n Imrmlk+r, nld aul!-
mcript [ refers to tlw Illia! valucn,

TIIC flelda in all nccclrrnt, ~l IIIU,VIjr nlj,~mxilllntctl I)y cull.
lluuoun flclds over tllc Iclle,tl) of IIICncccIcrntwr2. For n Imrlicle

ll~ar tile nyllclwwmmn pnrtielc, il}r fhhlu wc nl~lwoxilllntrd I)y

gnin, and + is the ]ongitudinnl phaae ot’ the particle. Care mu~l
I)e tnkm in the dcfinitiom of ~ uld AE. ‘1’ocorrespond with
the original definitions used il] TRANSPORT, AE COS4,is Lhc
cllcrgy gailwd by the syllcllronoue particle over t.hc accelerator
scctioll and ~, is positive for a I)])mc stalic nccc rrator.

The approximate equation of motion in tl]e trmsversc
plwle is

dd
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where mc2 is tl]c rest energy and L is (lie Icngtl] of the acccl-

cralor scctiol].

‘llc rq)l)roxill)atc solul.ions for particles nuflicicntly close

to I IIC syllcljrollo{ls pmrticle alc
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where

k,= @-m,
lV,O iu tlm illitinl energy of tllc ayncllrollolm Imrticlc, and p,.

is intird lllolllclltuln.

In tllc longiludinul plane, tl~c npl)roxinlntc cqllnt!ons of
nlotlon arc given I)y
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with n Anlion, ngain ns} approximntiol) ful IInrllclcn aufli.
clmltly closr to the syllcl}rol}ollm lmrticlrl givcll hy
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The phsse-spare coordirmtes AW and AI#Ime related to
the coordinates used by TIUNSPORT by the relations

.

, _ p,,l Ap 1 Aw
- ~AI#, and — =——

&p

p, p: Iv, ‘0’ ; ‘< 1“

There is a small difference in the definition of the buncll-

Iength parrunetcr 1 and the corresponding pnrnmetcr used iu
TRANSPORT. The parameter 1 used in this paper is the clifTer-
ence in longitudinal position of a particle from the synchronous
pnrticle al a specific point in time. The stsuldard parameter 1

used iu TRANSPORT is the diflerencc between the path length

followed by a particle aud the path length followed by tl)e sylI-

clwonous particle aerosol a given length.

The reaulti,,g non-zero matrix elelllents arc sl)own iu To-
Ide 1and con~parcd to original clemenls used i,) TRANSPORT.
These new elements reduce to the original elements in tile limit

us @ + J. TIKY FLISOreduce to the standard drift matrix ele-
nlel]to (or AE = 0.

The transformation can also be compurrd to results of
nllmericd integration for specific cases. To obtain the nllmcri-
cd results, a six.dimensioned random Gaussian distribution is
generated. The distril>ution function is given by

J(E) :. 1 ~-~(irc-’i)

(2rT)ie,c”es

wllcre E is the plmae-space coordinate vectcm, a is the slandnrcl

l,earl~ sigllla matrix and Cm,Cv, au d (. are llw ml]illnnces of l.hc
three decoul)!ed pla.rles in pllMe apace.

The clifferentisd equations of motion are ntln]erically integ-
rated over tile length of the accelerator element, Tlie eqna-

lions of luotion used for the integration su-e

where Iv(y) are solutionm of modified Be6sel’s equations.

l’nrti~les me integrated Ll,-ollgl] a typical J.AMPF sirle-
couplcd accelerator tmlk (tlw fiI~t lank ill the 1305-M1lz struc-
ture). Tile trulk Iellgtll i.s 290 CIIJand Llle i~llcgration step size is
0.1 cm. ‘IY]e illt.egrat.ion of 5000 i~articlen takes approximnlcly

two ]1OUUSof CPU Linle 011 a VAX 11/780.

It is amulntd tllrst the tran~formntion from the illit.ial
pl]sm-slmce coordiljntea JI_ s particle to the final phase-space
coordinates is giveu l~y

j-l j=l b191

lhM_L
Non-zero new and old first-order trrulsforlllntioll nlnlrix elements [or all nccelerntor section.
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‘rhe transformsltioll coefficients ci, Rij, and !fljk We fOUUd

l)y a least-squares-fit method using the coorcliuak data geuer-
; ated by the nuu]erical integration of the particle umtion. In

general, values of Cl different froul zero are an imlicatiou of
the statistical nature of the raudom input distribution. The
first-order transformation elemeuts, Rij, can he compared to
results obtained by analytical methods. ‘TIN highest terms
from the fit, iu this case the second-order terms, !f’Ijk, give
some indication of the error introduced by the trullcutcd, first-
order transformation.

The specific case chosen is used because it represents a
worst case for LAMPF. The initial e~~ergy is the lowest ii~ the

side-coupled lime, the emittance the largest, and the tauk is

relatively long compared to single gqs in the drit’t-tube liuac.

Trausfonuation values derived fronl various nwthods for this
case are compared iu Table 2. The three transformation nmtri-
ces shown in Tal]le 2 are the transformation derived from the
tit to numerical integration, t!le improved transfornlntioi] now
used in LAMPF’s version of TRANSPORT, nnd the trtuwfcw-
mation used in the earlier version of TRANSPORT, Note the
large difference hctweeu the elements of the last two ~..mtrices
for this specific case.

CJoliclusiol\

m.~ first -ortier nccdcratm transforlnnlion Illilt rix used ill
the original version of TRANSPORT is accept al>le for beams
with ~ = 1, but for proton beams with ~ < 1 the tramfornm-
$ion in TRANSPORT must be modified. The new ncceierator
transformation llud-rix compares wdl with results froul nu\uer-
ical integration, The comparisons ace done for typical LA MI’F
bctuuparwlleters with energies greater tl~ell IO(I MeV.

Tile new triulsforn]ntioll is valid only in tlw linear region
of plww spuce well ziwuy froul the separntrix. For iq@icu-
tions dealing with I)eams that fill the rf Lucket or needing
nigher degrees of nccumcy, the higher-orclcr I rsmsformntion
terms will need to I)e developed. Those Iligher-order approxi-

mntio:~s could also l~e compared to results of n~lnlericsd intcgra-
t ion for specific cases to give some estimate of their accuracy.
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Numerical vrdues oft Iw first-order t rnnsformntion lnnt rix for n typicnl 81%M1{z t nllk
ill LA MPF)S side.coupled Iiunc. The initinl energy is 10tJ MeV, the etlergy gaiu is 3.19
MeV over a Iel]gt h of 200 cm, a]]d tile sywcllronous plm-se is 30 degrees, Only the signi!i-
cnllt clelllents are shown. ‘rhc: vu!ues wc frolll tl]e results of uuuwricnl mctlwls, the new
tralisformation used it) LA MPF’s l]ew vcrsioll cd’TRANSPORT, nud tile original transfor-

Inntion.

Nlllnericul ‘Ihmsport Trrmsport
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